Endoscopic retrograde cholangiopancreatography (ERCP) is the gold standard treatment of biliary duct stones [1, 2] with success rate between 85 % to 95 % [3 -8]. In experienced hands, it results in few adverse events (AEs), the most common of which are acute pancreatitis (1.3 % to 6.7 %), infection (0.6 % to 5 %), bleeding (0.3 % to 2.0 %) and perforation (0.1 % to 1
ary stones has high success rates, ranging between 85 % to 95 %. Nevertheless, some stones may be challenging and different endoscopic methods have evolved. Papillary large balloon dilation after sphincterotomy is a widely used technique with success rates ranging from 68 to 90 % for stones larger than 15 mm. Cholangioscopy allows performing lithotripsy under direct biliary visualization, either by laser or electrohydraulic waves, which have similar success rate (80 % -90 %). However, there is no study comparing these 2 techniques.
Patients and methods From April 2014 to June 2016, 100
patients were enrolled and randomized in 2 groups, using a non-inferiority hypothesis: cholangioscopy + electrohydraulic lithotripsy (group 1) and endoscopic papillary large balloon dilation (group 2). The main outcome was complete stone removal. Adverse events were documented. Mechanical lithotripsy was not performed. Failure cases had a second session with crossover of the methods.
Results
The mean age was 56 years. 74 (75.5 %) patients were female. The initial overall complete stone removal rate was 74.5 % (77.1 % in group 1 and 72 % in group 2, P > 0.05). After second session the overall success rate achieved 90.1 %. Procedure time was significantly lower in group 2, -25.2 min (CI95 % -12.48 to -37.91). There were no significant differences regarding technical success rate, radiologic exposure and adverse events.
Conclusion Single-operator cholangioscopy-guided lithotripsy and papillary large balloon dilation are effective and safe approaches for removing complex biliary stones.
by Ersoz et al in 2003 [14] with success rate varying between 68 % and 90 % for stones ≥ 15 mm [15 -19] . EPLBD has been shown as a safe and effective method, with low complication rates [20] .
The Spyglass Direct Visualization System™ (Boston Scientific, Inc., USA) is a single-operator cholangioscope that enables target endobiliary therapies without the need of large biliary dilation and sphincterotomies, which can reduce possible AEs. Cholangioscopy-guided electrohydraulic lithotripsy (EHL) allows the fragmentation of difficult biliary stones and its subsequent removal [21] , generating sparks directly on the stone, minimizing the risk of biliary wall damage, with success rates reported between 80 % and 90 % [22, 23] .
Although some studies have shown the effectiveness and safety of cholangioscopy-guided EHL for the treatment of biliary stones, [22, 24, 25 ] the lack of randomized controlled trials (RCT) comparing this endoscopic modality with EPLBD justifies this research, aiming to evaluate these 2 methods regarding complete stone removal, occurrence of adverse events and the association of techniques, optimizing the endoscopic approach to difficult biliary stones.
Patients and methods

Study design
We prospectively enrolled 100 patients in a RCT performed at the Endoscopy Unit of University of São Paulo Medical School Clinics Hospital from April 2014 to June 2016. Ethical approval was granted by the institutional review board. All participants provided written informed consent. This study was registered at World Health Organization (WHO) primary basis under the number RBR-5wx47j. All procedures were performed by 2 investigators (TAPF, EGHM), both with considerable experience in ERCP (over 350 procedures/year).
Patients and sample size
Inclusion criteria included age 18 years or older and presence of difficult biliary stones defined in our study as multiple (more than 10), size greater than 15 mm, presence of disproportion between the stone and distal common bile duct (greater than 2 mm) or biliary stricture with a stone upstream. Exclusion criteria were pregnancy, patients who underwent gastrointestinal surgery or liver transplant previously and acute cholangitis.
Accordingly with our hypothesis of non-inferiority between the methods under analysis, sample size was based on their success rates reported in the literature, ranging from 73 % to 91 % after multiple sessions [18, 19, 22, 23] . As this study was designed to have a crossover process if initial failure, we had to consider that in both groups the success could range from lowest to higher rate. Therefore, we expected to find a success rate of approximately 91 %. A non-inferiority margin of 17 % was considered, so in the worst-case scenario the success rate would be 74 %, after the 2 sessions. Considering that, to obtain tests with 5 % significance and 80 % power, 45 cases would be necessary in each group.
Foreseeing a possible loss of follow-up of 10 %, the ideal sample was 50 cases in each group. Therefore, 100 cases were necessary for the development of this study.
Randomization
Randomization was performed using a computer-generated system (Urbaniak, GC, & Plous, S. . During the ERCP procedure, after cholangiography confirmed presence of a complex biliary stone, conventional techniques were performed in an attempt to remove the stone and clear the common bile duct (CBD). When these methods failed, the eligible patients were randomly assigned in 2 groups: single-operator cholangioscopy (SOC) + electrohydraulic lithotripsy (group 1) and endoscopic papillary large balloon dilation (group 2).
Interventions
SOC was performed with the first-generation of SpyGlass™ platform in group 1. With this system, a delivery catheter (SpyScope TM ) is introduced through the duodenoscope into the biliary tree under a guidewire. After proper positioning, the lithotripter fiber is used with a generator with a 70-to 100-watt power output, depending on the response of stone fragmentation. After fracture, the stones were retrieved using a Dormia basket and/or a retrieval balloon catheter (▶ Fig. 1 ).
In group 2, after sphincterotomy, a balloon dilator was passed over a guidewire and positioned across the ampullary site. Balloon diameter was determined depending on the diameter of CBD, stone size and presence of strictures. Inflation was performed with distilled water and contrast until maximum biliary duct caliber or after complete disappearance of radiologic waist. Balloon was kept inflated for 3 minutes to avoid bleeding. Reinflation was performed for the same time if hemorrhage was noted. After dilation, stones were retrieved using a Dormia basket and/or a retrieval balloon catheter (▶ Fig. 2) .
In both groups, in case of failure, either biliary drainage with plastic stents or crossover to the other method was performed immediately. Patients who received a plastic stent were scheduled for crossover in a second attempt. This study design was intended to analyze if or when the methods under investigation could be associated with an improved success rate.
Introduction of plastic biliary stent due to partial biliary clearance and/or need to crossover was considered as failure of the initial approach. Mechanical lithotripsy was not performed in any patient. Ciprofloxacin, 400 mg IV, was given as prophylaxis to all patients in both groups.
Outcomes
The primary outcome of the study was complete stone removal after 2 sessions with different techniques under analysis, if needed. Secondary end points included AEs, procedure time and x-ray exposure time.
AEs such as acute cholangitis, perforation, acute pancreatitis and bleeding, were classified according to time of diagnosis (immediately during the procedure, 24 hours later or 1 week later) and also according to severity (mild, moderate or severe), relation with the technique (definitely related, possibly related, not assigned), treatment (drugs, endoscopic or surgery) and outcome (recovered without sequelae, recovered with sequelae or death).
Cholangitis was defined as abdominal pain, fever, chills and/ or jaundice. Pancreatitis was defined as persistent abdominal pain and vomiting associated with a serum amylase level more than 3 times the upper limit, which required hospitalization or an extension of it. Perforation was considered if disruption of duodenal or biliary wall, was identified under direct endoscopic visualization, or with fluoroscopy evidence of contrast medium extravasation or by imaging tests. Bleeding was defined as occurrence of papillary or biliary bleed after the endoscopic procedure that requiring transfusion or interventions.
Statistical analysis
For quantitative variables, statistical data were presented as minimum and maximum values and calculation of means, standard deviations and median. For qualitative data, absolute and relative frequencies were calculated. A Student t test was used to compare means between groups. When data were not taken as normal value, we used the nonparametric Mann-Whitney test. Comparisons involving categorical data were made with the chi-square test or Fisher's exact test.
A P value < 0.05 was regarded as statistically significant.
Results
Patients
From April 2014 to June 2016, 2302 ERCPs were performed at our endoscopy unit. Of these, 1841 patients (79.97 %) had bile duct stones. 100 patients (5.4 %) with difficult stones that failed standard removal techniques met the inclusion criteria and were enrolled in our study. 2 patients in group 1 were excluded due to different diagnosis, verified during cholangioscopy (▶ Fig. 3 ).
The mean age in group 1 was 52.13 years and 59.76 years in group 2 (P = 0.032). There was no statistically significant difference between the 2 groups in terms of gender, symptoms, previous endoscopic procedures and stones characteristics, as number, size, shape and location. Patients' baseline characteristics and outcomes are summarized in ▶ Table1.
Study outcomes
Stone removal was complete in 73 (74.5 %) of the 98 patients during the first session. The per-protocol (PP) analysis of initial success rate was not significantly different between the 2 groups after this first attempt (37/ Stone fragmentation after 1 session of EHL was complete in 35 patients (72.9 %), partial in 10 patients (20.8 %) and unsuccessful in 3 (6.2 %).
Regarding the 25 overall cases of failure, 20 (80 %) returned to perform another ERCP as a crossover process. In group 1, there were 11 failures, 1 (2.1 %) was lost to follow-up and 10 (20.8 %) were submitted to a second ERCP session. Of these, 10 patients had endoscopic papillary large balloon dilation performed, in 7 (70 %) of whom the procedure failed and in 3 (30%) of whom it was a success. In group 2, there were 14 cases of failure, 4 (8 %) were lost to follow-up and 2 (4 %) chose to receive surgical treatment. 8 patients (16 %) had undergone a second session, with success in 6 (75 %) after SOC + EHL.
After the second session, the overall PP success rate increased from 74.5 % to 90.1 % with no significant difference between the 2 groups (40/47 patients [85.1 %] vs. 42/44 patients [95.4 %], P > 0.05, respectively); with a 95 % confidence interval (CI) -22.24 % to 1.546 %. Therefore we proposed an evidencebased algorithm for management of large and disproportional biliary stones (▶ Fig. 4) .
The rates of AEs were not significantly different between the 2 groups (2/48 [4.2 %] vs. 6/50 [12 %], P > 0.05). In group 1, 1 patient (2.1 %) had acute cholangitis, and another had acute pancreatitis, both of mild intensity, and the recovered after standard clinical treatment. In group 2, 1 patient (2 %) had periampullary laceration, 1 (2 %) distal CBD perforation, 2 (4 %) bleeding, and 2 (4 %) acute pancreatitis. All of the cases were treated conservatively with good recovery. There were no late complications (after 7 days).
Discussion
According to results of this trial, endoscopic papillary large balloon dilation and single-operator cholangioscopic-guided electrohydraulic lithotripsy are equally effective and safe procedures for endoscopic removal of difficult biliary stones in which a standard approach with sphincterotomy and extraction balloon has failed. Our data support the hypothesis of non-inferiority, and overall rates of technical success after first and second sessions were not significantly different between the 2 Original article
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▶ The majority of patients in this study were female (75.5 %) and the average age was 56.02 years with a standard deviation of 17.64 years and a median of 57 years. Despite randomization, the mean ages between groups 1 and 2 showed a significant difference (52.13 vs. 59.76, P = 0.032).
Ersoz et al. [14] first reported the use of large-diameter (12 -20 mm) balloon dilation after sphincterotomy as an alternative for managing difficult bile duct stones. They reported an 83 % success rate and an overall complication rate of 15 %, including a 3 % pancreatitis rate. The rationale for this method is to facilitation of retrieval of large stones without the need of ML and reduced risk of procedure-related complication. Mechanical lithotripsy can be effective in experienced hands, although limitations are reported in large and multiple stones and when there is lack of space between stones and bile duct wall [2, 15, 16, 17, 26, 27] . Stefanidis et al. [20] reported a higher rate of AEs with mechanical lithotripsy, especially cholangitis, when compared with endoscopic papillary large-balloon dilation. In our study mechanical lithotripsy was not associated with any case, because it could have influenced our objectives to evaluate, in an isolated way, the safety and effectiveness of each of the evaluated methods, as well as their association with outcomes. Nevertheless, in our unit as well as in most centers, mechanical lithotripsy is currently used for large stones when the CBD can be dilated enough to allow sufficient space to the lithotripter opening and stone capture.
Some authors have demonstrated the efficacy and safety of endoscopic papillary large-balloon dilation after single or multiple sessions, with success rates ranging from 70 % to 95 %, complication rates from 1 % to 12 % and need for mechanical lithotripsy in 10 % of patients [10, 12, 20, 28 -31] .
Our study showed a success rate with this method of 72 % (36/50 patients) in a single initial session. Endoscopic papillary large-balloon dilation, besides being widely available, is an easy method to teach and learn. The correct positioning of the balloon, the use of water-soluble contrast solution to verify the radiological waist disappearance, the slow and gradual application of pressure in the balloon, as well as special attention to not lose the guidewire position are important technical details that should be respected. When endoscopic papillary large-balloon dilation was performed after crossover in a second session, success was achieved in 3/10 patients (30 %) who had already failed a first attempt with cholangioscopy plus electrohydraulic lithotripsy.
The complication rate in the endoscopic papillary large-balloon dilation group was 12 % (6/50). There were 2 patients (4%) who developed mild post-endoscopic retrograde cholangiopancreatography pancreatitis, all of whom recovered well after conservative management. 2 patients presented with bleeding, both with marked distal biliary disproportion, as observed in other reports. Endoscopic treatment with adrenaline solution injection was successful and there was no need for blood transfusions.
The most feared complication of endoscopic papillary largeballoon dilation is perforation. When faced with patients with distal bile duct stricture or long distal segment of disproportion, it is prudent to review the indication for this approach and alternatives should be considered, [32] including lithotripsy. To minimize the risk of perforation, the size of the dilated balloon should not exceed the size of the CBD. In this study, there was 1 case of deep laceration and 1 perforation, both immediately treated with success. Laceration was sealed with an endoclip and CBD perforation was treated with a fully covered metal stent which was inserted and removed after 3 weeks. Post-crossover, endoscopic papillary large-balloon dilation presented no AEs.
Regarding cholangioscopic-guided electrohydraulic lithotripsy, previous studies report success rates ranging from 73 % to 91 % [23, 33, 34] . In a multicenter study, Chen et al. [24] reported 66 patients that were treated with cholangioscopy plus lithotripsy with a 71 % success rate after a single session, and stone response to fragmentation achieved in 92 %. There were 6.1 % AEs, including 2 cases of acute cholangitis (3.3 %). Kalaitzakis et al. [34] performed 165 single-operator cholangioscopies, 35 (21 %) with EHL. The successful stone removal rate in the first session was 73 %, and acute cholangitis was the most common AE 4.8 % (8 /165 cases), with 1 death.
However, few RCTs have been published. In 2009, Seelhoff et al. [35] Original article of success, with 9.67 %, 58.06 %, 3.22 % and 3.22 % in the first, second, fourth and eighth sessions, respectively. AEs occurred in 5.4 % (8/148 cases), 4 (2.70 %) cholangitis, 2 (1.35 %) pancreatitis, 1 (0.67 %) bleeding, and 1 (0.67 %) aspiration. [36] Our study showed a success rate of 77.1 % in the first session and 2 AEs (4.2 %): 1 acute pancreatitis (2.1 %) and 1 acute cholangitis (2.1 %), both with favorable outcome after conservative treatment. There was also a favorable response to electrohydraulic lithotripsy in 45 of 48 patients (93.7 %); complete in 35 (72.9 %), partial in 10 (20.8 %) and none in 3 (6.2 %) patients. These data suggest that patients who had a partial response to electrohydraulic lithotripsy could benefit from new sessions with the same method, however, this cannot be justified in cases with no response.
When cholangioscopy-guided lithotripsy was performed after crossover (endoscopic papillary large-balloon dilation failure cases) in a second session, success was achieved in 6/8 patients (75 %), and no AEs were noted. This finding reinforces the proposed algorithm of inserting cholangioscopy-guided lithotripsy as an additional step in therapeutic endoscopy.
This study had 2 exclusions in group 1 after initial randomization. Patients with suspected complex choledicolithiasis after ERCP, which was not confirmed by cholangioscopy direct visualization. In 1 patient, an extrinsic and pulsatile lesion compressing the CBD was seen. At the same time, a doppler endoscopic ultrasound was carried out and showed the presence of blood flow, compatible with varice. In the other case, the filling defect was due to a cystic lesion prominent inside the CBD. In both patients, biliary plastic stents were introduced. These cases of exclusion reinforce findings from other studies in which cholangioscopy was clearly able to correctly identify the etiology of filling defects [37, 38] .
Time of procedure was significantly higher in group 1 (72.3 vs. 47.1 minutes, -25.2 min (CI95 % -12.48 to -37.91), reflecting the higher complexity of cholangioscopy plus an electrohydraulic lithotripsy procedure. It is also important to highlight that the SpyGlass platform used in our study was the first generation, nowadays called "Legacy," a fiber optic-based system. Currently a digital system version, "SpyGlass DS," is available, providing better images, irrigation and ergonomics, which could improve lithotripsy and significantly decrease total procedure time and radiation exposure. Current data on use of both techniques following the methods in this study suggest that endoscopic papillary large-balloon dilation should be the primary approach for complex biliary stones after failure of standard techniques. Nevertheless, when the first session did not provide resolution, patients received crossover to the other group method, resulting in overall success rates above 90 %. Therefore, a second endoscopic attempt should always be made, and a lithotripsy technique would be preferable. It is reasonable, as well, to affirm that single-operator cholangioscopyguided lithotripsy is suitable for difficult stones with distal strictures or disproportion that causes limitation on dilation. In the other hand, endoscopic papillary large-balloon dilation can be effective for multiple and large stones without strictures and with a compatible diameter of distal CBD.
Limitations of this study are the impossibility of blinding the investigators to the methods used in each patient, absence of mechanical lithotripsy association as well as being a single-center RCT.
Conclusion
Single-operator cholangioscopic electrohydraulic lithotripsy as well as endoscopic papillary large balloon dilation are effective and safe techniques for endoscopic treatment of complex biliary stones, with high success rates and low incidence of AE.
The association of the methods demonstrates that they can be complementary to each other, with a consequent improvement in biliary clearance. Based on this evidence, a therapeutic algorithm with this approach is suggested, providing 1 more step when conventional endoscopic management has failed.
